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DETAILED ACTION 
Allowability withdrawn 

1 . The indicated allowability of claims 24-47 and 58 are withdrawn in view of the 
reference(s) to Inaba. Rejections based on the reference(s) follow. 

Claim Rejections - 35 USC § 103 

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

3. Claims 24-25, 33-36, 39-40, 45-52 and 55-57 are rejected under 35 
U.S.C. 103(a) as being unpatentable over Inaba, US patent No. 6,525,403. 

Regarding claim 24, Inaba teaches (fig. 6) a method of forming a multiple-gate 
transistor, the method comprising: providing a bulk semiconductor substrate (1 1 ), 
forming a semiconductor fin (11a, substrate projection region) in the bulk semiconductor 
substrate, forming isolation regions (12) on sides of the semiconductor fin (11a), forming 
a gate dielectric (13) and a gate electrode (14) on a portion of the semiconductor fin, the 
gate electrode having a bottom surface (portion of the gate resting on 12), and forming • 
a source region (15) and a drain region (16) in the semiconductor fin, the source region 
having a source-substrate junction (region where source region meets the substrate) 
and the drain region having a drain-substrate junction (region where drain region meets 
the substrate), the source-substrate junction or drain-substrate junction being higher 
than the bottom surface of the gate electrode. 
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Inaba does not disclose the process step of forming source/drain regions using a 
masking layer over the isolation region and covering a lower portion of the 
semiconductor fin; forming a source region and a drain region in uncovered portions of 
the semiconductor fin where the source-substrate or drain-substrate junction being 
higher than the bottom surface of the electrode by an amount based on the thickness of 
the masking layer. 

However Inaba shows this missing step with respect to his acknowledged prior 
art of figure 5. Specifically figure 5 shows a masking layer (123) over the isolation region 
and covering a lower portion of the semiconductor fin; and forming a source and drain 
region in uncovered portions of the semiconductor fin, the source region having a 
source-substrate junction and the drain region having a drain substrate junction, the 
source-substrate junction or drain-substrate junction being higher than the bottom 
surface of the electrode by an amount based on the thickness of the masking layer. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the use of the mask layer as taught in the prior art of 
Inaba in the structure of embodiment of fig. 6 in order to improve the heat conductivity 
and minimize current degradation caused by heat due to Joule effect (col. 6, lines 9-15). 
The combined process of embodiments of figs 4-6 teaches forming a masking layer 
over the isolation region and covering a lower portion of the semiconductor fin; and 
forming a source and drain region in uncovered portions of the semiconductor fin, the 
source region having a source-substrate junction and the drain region having a drain 
substrate junction, the source-substrate junction or drain-substrate junction being higher 



Application/Control Number: 10/669,395 Page 4 

Art Unit: 2811 

than the bottom surface of the electrode by an amount based on the thickness of the 
masking layer. 

Regarding claims 25 and 58, Inaba does not explicitly teach that the source- 
substrate junction and drain-substrate junction is higher than the bottom surface of the 
gate electrode by at least 50 and a distance of between about 50 and 500 angstroms o. 

Parameters such as height and distance in the art of semiconductor 
manufacturing process are subject to routine experimentation and optimization to 
achieve the desired device quality during device fabrication. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to adjust the source-substrate junction and drain-substrate junction 
as claimed in order to improve the heat conductivity and minimize current degradation 
caused by heat due to Joule effect (col. 6, lines 9-15). 

Regarding claim 33, Inaba teaches substantially the entire claimed process of 
claim 24 above including the semiconductor fin comprises silicon (col. 4, lines 16-29). 

Regarding claim 35, Inaba teaches substantially the entire claimed process of 
claim 24 above including the gate dielectric (13) is silicon oxide (col. 4, lines 29-33). 

Regarding claim 36, Inaba teaches substantially the entire claimed process of 
claim 24 above including the gate dielectric comprises a high permittivity material. Inaba 
teaches the gate dielectric material to be silicon oxide. Since silicon oxide has a high 
permittivity compared to for example to a metal, Inaba inherently teaches a high 
permittivity material. 
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Regarding claim 39, Inaba teaches substantially the entire claimed method of 
claim 24 above except explicitly stating that tie dielectric layer is between about 3 and 
about 100 angstroms. 

Parameters such as height and thickness in the art of semiconductor 
manufacturing process are subject to routine experimentation and optimization to 
achieve the desired device quality during device fabrication. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to adjust the thickness of the dielectric layer as claimed in order to 
improve the heat conductivity and minimize current degradation caused by heat due to 
Joule elect. 

Regarding claim 40, Inaba teaches substantially the entire claimed process of 
claim 24 above including the gate electrode is polycrystalline silicon (col. 7, lines 45-49). 

Regarding claims 45 and 46, Inaba teaches (fig. 6) substantially the entire 
claimed process of claim 24 above including the multiple gate transistors is a double 
gate transistor and a triple gate transistor. 

Regarding claim 47, Inaba teaches substantially the entire claimed process of 
claim 24 above including the multiple gate transistors is an omega-gate transistor (fig. 
6). 

Regarding claim 48, Inaba teaches (fig. 6) a method of forming a semiconductor 
device, the method comprising: providing a silicon substrate (1 1 ); etching portions of the 
silicon substrate to form at least one semiconductor fin (substrate projection region, 
1 1 a); forming a gate dielectric layer (13) over the semiconductor fin (1 1 a); forming a 
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gate electrode (14) layer over the gate dielectric layer; etching portions of the gate 
electrode layer to form a gate electrode, the gate electrode overlying sidewalls and a 
top surface of the semiconductor fin (refer to figs. 6 and 9); and doping the sidewall of 
the semiconductor fin above the region of material (also refer col. 8, lines 58-67 and col. 
9, lines 1-12). 

Inaba does not disclose the process step of forming a region of material adjacent 
portions of the semiconductor fin not underlying the gate electrode such that a sidewall 
of the semiconductor fin extends above an upper surface of the region of material. 

However Inaba shows this missing step with respect to his acknowledged prior 
art of figure 5. Specifically figure 5 shows a masking layer/region of material (123) 
adjacent portions of the semiconductor fin not underlying the gate electrode such that a 
sidewall of the semiconductor fin extends above an upper surface of the region of 
material. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the use of the mask layer/region of material taught in 
the prior art of Inaba in the structure of embodiment of fig. 6 in order to improve the heat 
conductivity and minimize current degradation caused by heat due to Joule effect (col. 
6, lines 9-15). The combined process of embodiments of figs 4-6 teaches forming a 
masking layer/region of material adjacent portions of the semiconductor fin not 
underlying the gate electrode such that a sidewall of the semiconductor fin extends 
above an upper surface of the region of material. In addition it would have been obvious 
to remove the masking layers after source/drain implantation. 
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Regarding claim 49, Inaba teaches (fig. 6) substantially the entire claimed . 
process of claim 48 above including forming the isolation region (12) being formed after 
etching portions of the silicon substrate but before forming the gate dielectric (col. 4, 
lines 16-33). 

Regarding claim 50, Inaba teaches substantially the entire claimed process of 
claim 48 above including forming a masking material over the silicon substrate and 
wherein the step of etching portions of the silicon substrate is performed in alignment 
with the masking material (col. 8, lines 58-67 and col. 9, lines 1-12). 

Regarding claim 51 , Inaba teaches substantially the entire claimed process of 
claim 48 above including removing the masking material after the semiconductor fin is 
formed (coL 9, lines 1-12). 

Regarding claim 52, Inaba teaches substantially the entire claimed process of 
claim 48 above including the gate dielectric layer and the gate electrode layer are 
formed over the masking material (col. 8, lines 58-67 and col. 9, lines 1-12). 

Regarding claims 53, Inaba teaches substantially the entire claimed method of 
claim 48 above including depositing a dielectric layer or depositing an oxide material 
(123) (refer to fig. 5). 

Regarding claim 55, Inaba teaches substantially the entire claimed process of 
claim 48 above including forming an isolation region (12) adjacent the semiconductor 
region. 

Regarding claim 57, Inaba teaches the entire claimed process of claims 48 and 
49 above including depositing an oxide material (col. 11, lines 37-40). 
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4. Claims 26-31 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Inaba in view of Park et al. (A 40nm body-tied Finfet (OMEGA MOSFET) using bulk Si 
wafer. Physica E 19 (2003), pages 6-12). 

Regarding claim 26, Inaba teaches substantially the entire claimed method of 
claim 24 above except explidtly stating forming a mask over the bulk semiconductor 
substrate, and etching exposed regions pf the semiconductor substrate to form the 
semiconductor fin. 

Park teaches (refer to device fabrication section and figs. 5a-5h) performing 
photolithography process on a bulk semiconductor substrate to form a fin structure (fig. 
5(e)) using different masking layers. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the photolithographic process taught by Park in the 
method of Inaba in order to scale down the device size. . 

Regarding claim 27, Inaba teaches substantially the entire claimed method of 
claim 24 above including removing the mask (fig. 5(e)). 

Regarding claim 28, Inaba teaches substantially the entire claimed method of 
claim 24 above including the mask comprises a photoresist. 

Since the combined process of Inaba and Park teaches photolithographic 
process, it inherently teaches a mask layer comprising photoresist. 

Regarding claim 29, Inaba teaches substantially the entire claimed process of . 
claim 24 above including a silicon oxide as a mask layer (Park, page 8, 2*^^ col. 1^^ 
paragraph). 
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Regarding claim 30, Inaba teaches substantially the entire claimed method of 
claim 24 above including strapping the source and drain regions with a conductive 
material (Park, page 9). 

Regarding claim 31 , Inaba teaches substantially the entire claimed method of 
claim 24 above including forming spacers on sides of the gate electrode (park, page 9, 

1st, paragraph) 

5. Claim 32 is rejected under 35 U.S.C. 103(a) as being unpatentable over Inaba in 
view of Huang. US patent No. 5,893,741 . 

Inaba teaches substantially the entire claimed method of claim 24 above except 
explicitly stating performing selective epitaxy on the source and drain regions. 

Huang teaches forming source and drain regions using selective epitaxial growth 
in the process of forming FET structure (col. 1 , lines 29-40). 

Therefore it would have been obvious to one of ordinary skill in the art at the time 
the invention was made to incorporate the selective epitaxial process taught by Huang 
in the process of Inaba in order to over come problems associated with growing silicon 
on doped surfaces. 

6. Claim 34 is rejected under 35 U.S.C. 103(a) as being unpatentable over Inaba in 
view of Clark et al. 6,635,909. 

Regarding claim 34, Inaba teaches substantially the entire claimed method of 
claim 24 above except explicitly stating that the fin comprises silicon and germanium. 
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Clark teaches a fin FET structure where the fin is formed of silicon/germanium 
layer in the process of forming a strained fin FET device. 

It would have been obvious to one of ordinary skill in the art at the time invention 
was made to substitute the fin layer in the process of Inaba with silicon/germanium as 
taught by Clark in order to improve carrier mobility that is gained due to the strained 
silicon/germanium layer. 

7. Claims 37-38 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Inaba in view of Yu US patent No. 6,342,410. 

Regarding claims 37-38, Inaba teaches substantially the entire claimed method 
of claim 24 above except explicitly stating that the gate dielectric comprises a material 
selected from the group consisting of lanthanum oxide, aluminum oxide, hafnium oxide, 
hafnium oxynitride, and zirconium oxide, and combinations thereof or the gate dielectric 
comprises a material with a relative permittivity greater than about 5. 

Yu teaches the use of high permittivity gate dielectric material such as aluminum 
oxide with a dielectric constant of 8 in the process of fonning a field effect transistor (col. 
4, lines 36-51). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the high permittivity material taught by Yu in the 
process of Inaba in order to minimize charge carrier tunneling through the gate 
dielectric. 
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8. Claims 41 and 44 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Inaba in view of Yu US patent No. 6,475,890. 

Inaba teaches substantially the entire claimed method of claim 24 above except 
explicitly stating that the gate electrode comprises poly-SiGe or metal. 

Yu teaches forming gate material using poly-SiGe or various metals in the 
process of forming FET device (col. 6, lines 13-21). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to use the gate materials suggested by Yu in the process of Inaba 
in order to form fin transistor with improved gate conductivity. 

9. Claims 42 is rejected under 35 U.S.C. 103(a) as being unpatentable over Inaba 
in view of Hu et al. US patent No. 6,413,802. 

Inaba teaches substantially the entire claimed method of claim 24 above except 
explicitly stating that the gate electrode comprises a metallic nitride. 

Hu teaches forming a gate material using titanium nitride in the process of 
fonming a fin FET transistor 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to use the gate material suggested by Hu in the process of Inaba in 
order to adjust the work function the gate. 

10. Claim 43 is rejected under 35 U.S.C. 103(a) as being unpatentable over Inaba in 
view of Muller et al. US patent No. 6,432,829. 
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Inaba teaches substantially the entire claimed process of claim 24 above except 
explicitly stating that the gate electrode comprises a metallic silicide. 

Muller teaches coating the gates with a silicide layer in the process of forming fin 
device. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the silicide layer taught by Muller in the process of 
Inaba in order to adjust the work function of the gates. 

1 1 . Claim 54 is rejected under 35 U.S.C. 103(a) as being unpatentable over Inaba, in 
view of Yu US patent No. 6.342,41 0. 

Inaba teaches substantially the entire claimed method of claim 48 above except 
explicitly stating that the gate dielectric comprises a material with a relative permittivity 
greater than about 5. 

Yu teaches the use of high permittivity gate dielectric material such as aluminum 
oxide with a dielectric constant of 8 in the process of forming a field effect transistor (col. 
4. lines 36-51). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the permittivity material taught by Yu in the process 
of Inaba in order to minimize charge carrier tunneling through the gate dielectric. 

12. Claim 56 is rejected under 35 U.S.C. 103(a) as being unpatentable over Inaba, in 
view of Park. 
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Inaba teaches substantially the entire claimed process of claim 48 above except 
explicitly stating removing region of material after doping. 

Forming and removing of a masking layer is conventional and also taught by 
Park (figs. 5a-5e), in the process of forming a body-tied finfet structure. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the process of removing the masking layer after a 
doping process in order to protect the body region. 

Affidavit 

13. The affldavit filed on 5/16/2005 is not found to be persuasive since the statement 
therein is not supported by the disclosure of Inaba, that is figures 6-10 clearly shows a 
space between the lower end of the source/drain region and the top surface of the layer 
(12), which corresponds to the bottom surface of the gate electrode. 

Response to Arguments 

14. Applicant's arguments filed 1/6/2006 have been fully considered but they moot in 
view of new grounds of rejection. 

Conclusion 

15. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Samuel A. Gebremariam whose telephone number is 
(571) 272-1653. The examiner can normally be reached on 8:00am-4:30pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Eddie Lee can be reached on (571) 272-1732. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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March 29, 2006 
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